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Abstract Current analytic metaphysics has been claimed to be, at best, out of touch with
modern physics, at worst, actually in conflict with the latter (Callender, in: French, Saatsi
(eds) The continuum companion to the philosophy of science, Continuum, London, 2011;
Ladyman and Ross Every thing must go: metaphysics naturalized, Oxford University
Press, Oxford, 2007). While agreeing with some of these claims, it has been suggested that
metaphysics may still be of service by providing a kind of ‘toolbox’ of devices that
philosophers of science can access in order to help provide an interpretation of theories in
fundamental physics (French and McKenzie in Eur J Anal Philos 8:42–59, 2012; see also
French and McKenzie, in: Bigaj, Wuthrich (eds) Metaphysics in contemporary physics,
Rodopi, Amsterdam, 2015). In this context it has been argued that ‘standard’ forms of
dispositionalism simply cannot be sustained in the context of modern physics but that
certain ‘non-standard’ views may provide the resources to help explicate the sense in
which physics may be regarded as ‘modally informed’. Here that suggestion will be further
extended in order to consider the implications both with regard to the overall relevance of
metaphysics given advances in science and for the prospects of a naturalised metaphysics
more generally. In particular, this paper will focus on three concerns: (1) that the particular
tools identified are not, in fact, ‘scientifically disinterested’ and thus that the distinction
between ‘naturalised’ and ‘non-naturalised’ metaphysics is at best vague or poorly drawn;
(2) that the usefulness of such tools depends on their being shaped to fit the relevant
physics and thus the latter ‘guts’ metaphysics; (3) that if metaphysics does prove to be
useful in this sense then we have no reason to scorn non-naturalised metaphysics to begin
with.
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1 Introduction
A great deal has been written recently on the relationship between metaphysics and sci-
ence. To a significant degree, the current debate was sparked by Ladyman and Ross’s
provocative claims that ‘‘mainstream metaphysics… floats entirely free of science’’ and as
such ought to be ‘‘discontinued.’’ (Ladyman and Ross 2007; for similar sentiments, see also
Callender 2011). Such claims have been supported in a variety of ways but in particular via
surveys of metaphysicians’ analyses of, for example, the nature of objects—and more
particularly, how they compose and are composed. It is then argued that these analyses at
best appeal to a kind of crude atomism of the sort that has long since been supplanted and,
more generally, appear to lie at some remove from pertinent developments in modern
science.
While broadly agreeing with this negative appraisal of the current state of metaphysics,
and, in particular, with the claim that the implications of modern physics impact signifi-
cantly on many paradigmatic metaphysical claims, it has been argued that something
positive can yet be retrieved from this debate, in that such ‘mainstream’ and, typically,
scientifically disinterested metaphysics can still serve an instrumental purpose in acting as
a kind of ‘toolbox’ for philosophers of science (French and McKenzie 2012). The core idea
is that despite being so removed from modern science, such metaphysics can yet provide a
range of devices and manoeuvres that philosophers of science, and philosophers of physics
in particular, can deploy in articulating the implications of modern physics, in particular,
for our view of the world (for further on this deployment in general, see French forth-
coming and for its impact on scientific realism, see French 2018).
2 The Implications of Physics
The core claim of the above argument is thus two-fold:
(1) If metaphysics is to be taken to have something direct to say about reality, the
implications of physics need to be properly appreciated and this will have implica-
tions for certain ‘paradigmatic’ metaphysical positions.
(2) However, one does not have to agree with the claim that aprioristic metaphysics
should be ‘discontinued’, since various considerations suggest that we should value
scientifically disinterested metaphysics as a ‘toolbox’ for philosophers of science.
Let us begin with claim (1) and the issue of how the implications of physics might be
appreciated. We can take these implications to have either a positive or a negative impact,
broadly understood. Thus the impact might be understood as positive in the sense that
metaphysical claims might be taken to be supported by virtue of the (empirical) success of
theories to which they are related (see in particular Hawley 2006); conversely, it could be
understood as negative in the sense that certain claims might be seen as undermined and
hence rejected by virtue of that success. Let us consider each of these in turn.
In order to motivate the first claim, take, for example, that old chestnut, the Principle of
Identity of Indiscernibles (PII). Not for nothing did Leibniz send Princess Sophie running
off through the Hohenzollern gardens to look for two leaves that might appear exactly alike
but which on closer inspection would always manifest some difference—the Principle
seems supported by our observations of everyday objects. And we can go further: if we
allow spatio-temporal properties to be included within the scope of the principle, then it
appears to be supported by classical physics also: two electrons, say, classically under-
stood, will have all state-independent properties (charge, mass and so forth) in common
and but will differ in their spatio-temporal properties (assuming impenetrability; see
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French and Krause 2006). It is precisely this support that has led certain metaphysicians to
insist that although the Principle could not be necessarily true (given the famous possible
world counterexamples; see Black 1952), it must surely be contingently so (Casullo 1984).
Now, of course, one might probe a little further into the nature and extent of this
support. What is it for metaphysics to be given such ‘support’ in this manner? To begin to
answer this question we might take our cue from the way in which certain elements of
scientific theories are taken to receive support from the empirical success of those theories.
So, many realists these days would insist that such support should only be understood as
transmitted to those entities, mechanisms or whatever, that play the appropriate explana-
tory role in accounting for that empirical success. Thus, they argue, we should adopt a
realist stance towards electrons because they play the appropriate role in explaining certain
electromagnetic phenomena etc. The obvious question, then, is, can we adopt a similar
‘explanationist’ line and take such support to be similarly transmitted to a metaphysical
device like the Principle of Identity of Indiscernibles?
If one were to adopt the same line—namely, that such support should be taken to be
transmitted to those mechanisms or devices that play the appropriate explanatory role—
then one must further ask, what role do we take Leibniz’s Principle to play in this context?
Indeed, what is it that we take it to be explaining? An obvious answer to that last question
might be: the Principle metaphysically explains the individuality of the electrons (or
whatever) by virtue of ‘grounding’ (to use a currently popular notion) that individuality in
the properties of the electrons. In other words, it functions as a so-called Principle of
Individuality and indeed, insofar as one can consider it as enabling us to metaphysically
ground and thereby metaphysically explain the particles’ identity and individuality, one
might even argue that it offers the ‘best’ such explanation: it allows us to avoid invoking
some apparently mysterious ‘Lockean substratum’, or having to appeal to some primitive
notion such as haecceity, or somesuch, and it appeals only to the properties of the particles
concerned. Thus one might argue that just as the realist can articulate and defend forms of
Inference to the Best Explanation in the context of her analysis of science, so the meta-
physician can do likewise, where ‘best’ is similarly cashed out in terms of ‘‘simplicity,
comprehensiveness, elegance and so on’’ (Sider et al. 2007, 7).
With that in hand, one could then articulate an argument to the effect that just as
electrons receive appropriate support from the success of the relevant theory by virtue of
their featuring in an inference to the best explanation in that context, so PII likewise
receives support (from classical physics at least) for analogous reasons. Generalising, the
argument can be expressed as follows (taken directly from Saatsi 2017):
MC1 Both metaphysics and science employ inference to the best explanation.
MC2 We have no reason to think that if explanationism is truth-conducive in science,
it is not so in metaphysics.
MC3 We have a positive reason to think that if explanationism is truth- conducive in
science, it is also so in metaphysics.
Hence, explanationism in metaphysics is also truth-conducive and, in terms of our
discussion here, metaphysical devices that play the appropriate explanatory role may be
taken to be supported by the empirical success of the given theory.
However, the argument, as stated, is hugely contentious and the above three assump-
tions can all be rejected. In particular, Saatsi argues that MC2 is false, since even if
explanationism is truth-conducive in science, we actually do have reason to conclude that it
is not in metaphysics. First of all, as is well known, when it comes to science, this truth-
conduciveness must be qualified, since the historical record indicates that the relevant
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explanatory inferences are reliable only in limited respects (Saatsi 2017). Thus, anyone
maintaining some kind of methodological commonality between science and metaphysics
in this respect is going to have to face up to the crucial difference that there appears to be
nothing equivalent that might motivate similar limitations on the metaphysical side. When
it comes to realism, of course, these limitations on the reliability of these explanatory
inferences are manifested through various forms of ‘selective realism’, where what is
selected may be ‘working posits’, or ‘structure’ or whatever. Again, there is nothing to
suggest any similar kind of manifestation on the metaphysics side, and indeed it is hard to
get a clear picture of what a ‘selective’ metaphysics would look like.
Furthermore, Saatsi persists, in order to be plausible, forms of explanationism should
meet the requirement that they mesh with our understanding of how our cognitive
capacities and ways of reasoning are the results of both cultural and natural evolution. So,
on the scientific side of things, the discovery of the causal connections that sit at the heart
of many scientific achievements is rendered non-mysterious by virtue of the fact that the
relevant mode of explanatory practice, namely causal-mechanical, is exemplified in
everyday cognitive situations. In part, it is this that underpins the claim that is often made
that science is just an extension of the form of reasoning we deploy in ‘everyday life’.
Again, however, it is not at all clear that something similar can be said with regard to the
kind of explanatory practices supposedly exhibited in metaphysics and we don’t seem to
have the aforementioned ‘meshing’ (I’ll come back to this at the end).
As for MC3, again Saatsi raises doubts as to whether we do in fact have any positive
reason along the lines suggested. So, a sympathetic metaphysician might acknowledge that,
of course, causal-mechanistic explanations are inappropriate in the metaphysical context
but that, nevertheless, there are features of other kinds of explanatory formats that have
been put forward in the philosophy of science that have analogues in metaphysics. Two in
particular have been emphasised: the power to convey understanding and unificatory
power. However, as Saatsi again argues (Saatsi 2017), understanding is a tricky concept
even on the scientific side, and even if one can relate the introduction of metaphysics to
such understanding (and again I’ll come back to this), the claim that it is truth-conducive is
highly dubious. As he notes, disputes over whether understanding has been achieved occur
not only between different scientific fields, but even within a particular field, where sci-
entists themselves may disagree whether a particular theoretical feature provides under-
standing or not: since I’ve already mentioned Leibniz, it is worth noting that he famously
rejected Newton’s theory of gravity on the grounds that it featured an ‘occult’ entity and
thus did not supply the requisite measure of understanding.
Of course, for Leibniz this understanding could only be provided in what we would now
call metaphysical terms and some would argue that it is by underpinning such under-
standing that metaphysics proves its value. Indeed, it is along these lines that we can draw
the distinction between ‘shallow’ and ‘deep’ realists (cf. French 2018), with the former
eschewing as much metaphysics as they can, and the latter appealing to various meta-
physical devices in the way I shall be considering shortly. Returning to the central issue,
this point is of no help to the advocate of MC3, of course, since by advocating a particular
role for metaphysics, it further illuminates the differences with science.
As for unificatory power, attempts to set this at the heart of scientific explanation are
well-known but also, as Saatsi notes, highly contentious. The Friedman/Kitcher pro-
gramme of explanation-via-unification is widely agreed to have run into the sand. Fur-
thermore, as Saatsi goes on to remark, even if one were to adopt the weaker line that
unificatory power counts as an explanatory virtue, the way that this virtue features in
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current well-developed accounts of explanation does not give much in the way of hope to
the advocate of MC3, at least not as things stand.
So, according to what has come to be known as the ‘Woodwardian’ account, expla-
nation involves the exhibiting of a kind of counterfactual dependence that describes how
the explanandum would change under various conditions (Woodward 2003). The relevant
modal information is then captured via those generalisations that remain invariant under
changes in certain variables that, when it comes to scientific explanations anyway, rep-
resent certain determinate properties. As Saatsi says, to the extent that it can be related to
the degree of invariance of a generalisation, unificatory power can be regarded as an
explanatory virtue. But, he goes on, it is one of several that have to be weighed against one
another; furthermore, as a virtue, unificatory power attaches to distinct explanations, rather
than theories. That one theory might be deemed to have more explanatory power that
another by virtue of exhibiting more unificatory power is a derivative result at best and
even then, only if the relevant explanations in their different theoretical contexts can be
compared along Woodwardian lines. Thus, Saatsi continues, there is little support from the
scientific side for the claim that the more unificatory theories are the likeliest to be true,
and any attempt to export such developments, or their analogs, into metaphysics is going to
have to take account of the relevant contextual complexities and nuances, at the very least.
Indeed, Saatsi’s conclusion is that the ‘strategy of methodological similarity’—namely
the strategy that aims to justify metaphysical explanationism on the basis of explana-
tionism’s role and epistemic status in science—comes under severe challenge from
observations such as the above. Now, there might be ways for the metaphysician to meet
this challenge, of course. Saatsi himself has argued that the above kind of Woodwardian
counterfactual approach can be extended from scientific to ‘geometrical’ explanations
(2016). Consider, as a toy example, a straight stick parallel transported over a closed path
around a sphere (see https://en.wikipedia.org/wiki/Parallel_transport); when the stick is
returned to its starting point, one finds that it has rotated by a certain angle. Saatsi argues
that the explanation of this angle is geometrical by virtue of it hinging on the dependence
of that angle on certain non-local geometrical features, such as the area inside the loop and
the radius of the sphere. Crucially, this explanation is asymmetric in a way that meshes
with a Woodwardian ‘manipulationist’ account in which the relevant counterfactual
information is provided: basically, if the area inside the loop or the radius of the sphere
were different, then the angle would be different. Saatsi then goes on to extend this
approach to kinematic explanations in classical mechanics more generally and it has even
been suggested that it can accommodate the explanatory role of symmetry principles in
physics (French and Saatsi 2018). The metaphysician might find succour in these devel-
opments but if metaphysical explanations are to be accommodated along similar lines, the
relevant dependences need to be set out and the appropriate counterfactual information
made explicit. If we touch base with our go-to example of the Principle of Identity of
Indiscernibles, it is just not clear how that might be done, to say the least.
Alternatively, the metaphysician might argue that metaphysics picks up support from
science directly via a form of confirmational holism (this is perhaps what is behind
Hawley’s view, noted above). Here she might draw on a different kind of analogy, that of
the classic indispensability arguments for mathematical realism. However, this road also
seems blocked, as I shall now indicate (again, see Saatsi 2017).
So, consider the original Quinean form of these kinds of arguments: we should believe
our best scientific theories to be true; if we so believe, then we should believe the ontic
commitments of such theories; the ontic commitments of any theory are those objects over
which the theory quantifies; our best scientific theories quantify over mathematical objects;
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hence we should believe in the existence of mathematical objects. Now, as Saatsi notes, the
idea of taking our ‘best’ theories as literally true is famously problematic (never mind what
is meant by ‘best’) but a bigger and more obvious obstacle is that metaphysics does not
supply the kinds of ‘objects’ over which appropriately formalised versions of scientific
theories could be said to quantify (do first order formulations of classical statistical
mechanics quantify over haecceities, for example?!). That whole approach just seems a
non-starter.
But perhaps the metaphysician could edge back towards the explanationist camp and
point to recent formulations of the so-called ‘Enhanced Indispensability Argument’ (see,
for example, Baker 2009), that run (crudely) as follows: we should believe those ontic
commitments of our theories that play an indispensable explanatory role; mathematical
entities play such a role; hence we should believe in mathematical entities. This argument
has provoked a number of responses but the underlying approach of them all is to accept
that mathematics clearly plays some role with regard to the relevant explanations but deny
that this role carries ontological commitment. Thus Strevens (2008, 331) suggests that
mathematics acts as an ‘explanatory tool’ in the sense that it is through grasping mathe-
matical dependences and independences that we are able to grasp causal dependences and
independences. But of course, this is not the same as playing the sort of explanatory role
that supports the kinds of existence claims associated with the Enhanced Indispensability
Argument. And when it comes to metaphysical entities, it is not at all clear that they can be
conceived of as explanatory tools even in this limited sense.
Alternatively, Melia (2000) and Saatsi (2011) have argued that mathematics can be
regarded as the ‘scaffolding’ for our explanations in science, or, more generally, that it
plays a representational role, but that, again, this carries no ontological weight. Here the
metaphysician might have more room for manoeuvre, as it were: she could argue that in
articulating what our theories tell us about the world, metaphysical entities act as a kind of
scaffolding that may then be refined or even taken down and reconstructed, as theories
develop and change. Consider the objects of classical mechanics, for example. These are,
or were, at least initially, conceived of along the lines of ‘everyday’ objects, albeit sub-
jected to certain idealisations (e.g. point masses etc.), which conception then carried with
it, as a kind of scaffolding, certain metaphysical devices regarding composition, identity
(e.g. the PII) and so forth. Thus such devices may be seen as playing, or contributing to, a
broadly representational role, in helping to spell out how the world is, according to the
theory. I’ll touch on this again in the context of realism below but given this, we might
think of metaphysics receiving some support, albeit attenuated, from our successful
theories.
Even granted all that, however, it is worth noting that any such support—as given by
classical physics, say, to the Principle of Identity of Indiscernibles—is not unequivocal, as
a result of the underdetermination of the metaphysics by the relevant physics. So, we just
noted that on some understanding of metaphysical explanation, PII could be regarded as
the ‘best’ explanation of the individuality of the particles. But if we were minded to, we
could eschew the Principle, perhaps because we want to insist on the Scholastic distinction
between individuality and distinguishability, and thus maintain that the Principle can only
explain the latter, not the former, which hence requires a different ground, such as
haecceities or ‘primitive thisness’. Following this line, the latter notion would be the
relevant ‘best’ explanation and of course this is also supported by classical physics (French
and Krause 2006, ch. 2). The metaphysics—of individuality in this case—is thus
underdetermined by the physics. And we can continue: take the notion of ‘property’
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appealed to in the expression of PII—is this to be understood as an instantiated universal or
a particular, that is, as a trope? Again, the physics offers no support.
As a result of this kind of underdetermination, the claim that metaphysics draws positive
support from modern science once more needs to be considered with some care. After all,
in the case of two scientific theories that are empirically equivalent and hence underde-
termined, we would be tempted to conclude that neither can be taken to be supported over
the other. Of course, cases for which no possible evidence could be obtained that might
differentially bear on the theories are notoriously hard to establish in science, with the best-
known examples being drawn from space–time physics. The classic (in both senses)
example is that of the underdetermination of claims regarding the velocity of the material
universe in Newtonian physics. Others can be found in the modern context, where different
models of General Relativity can be constructed between which no possible observation
could distinguish.
In these kinds of cases, the usual response is to argue that such claims, or models, can in
effect be hived off from the theory in general, thus inoculating the latter from the
underdetermination and effectively allowing it to retain empirical support. Obviously such
a manoeuvre is not available in the metaphysics cases, given the centrality of the relevant
claims for the respective positions—in effect, when it comes to metaphysics we are not so
easily able to distinguish something similar to a ‘model’ from that which is playing the part
of the ‘theory’. One might be tempted to broaden the position concerned in order to be able
to make something like the above distinction and say something along the lines of the
following: whether we cash it out in terms of haecceities or the Principle of Identity of
Indiscernibles, the idea that the objects of physics are individuals is supported by classical
physics. In that way, the specific metaphysical claims may be hived off and the
underdetermination deflated. Unfortunately, this leaves the metaphysical ‘theory’ that is
not underdetermined pretty broad and bland, to the point where it is close to empty. There
is precious little metaphysical flesh on the bones of the claim that ‘particles are individ-
uals’. Close to empty but not entirely so, since when we move to the quantum context, of
course, we find a further form of underdetermination between that claim and the alter-
native, ‘particles are non-individuals’. I’ll come back to that shortly.
Given the underdetermination of the Principle of Identity of Indiscernibles and the
notion of haecceity by the relevant physics, perhaps we should be wary of asserting that
these metaphysical elements draw support from that physics, even in an attenuated sense
whereby such support is somehow secondary to or parasitic upon the kind of support that
empirical results give to theories. Perhaps the best we can hope for is some sense of these
elements being compatible with or meshing with that physics. Of course, that still leaves a
dilemma for the realist, if she feels her realism requires filling in with metaphysical
‘content’ in the sense of incorporating one or other of these metaphysical elements; but
that’s a big ‘if’ of course (French 2018).
More generally, given this underdetermination, one might wonder what the critics of
‘mainstream’ metaphysics and others are hoping for when it comes to the engagement
between metaphysics and science. Leaving aside the sociological concern that more
metaphysicians should understand modern science, it cannot be a matter of insisting that
metaphysicians should come up with views that are supported by physics, in the usual
sense of support. In terms of that sense and given the above underdetermination, one could
conclude from the above that metaphysics will always float free of science. But perhaps the
real concern is that metaphysicians should not continue to develop, deploy and generally
utilise metaphysical elements that have been ruled out by science, so let me now turn to the
negative impact of the implications of physics.
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Again, let me take the above and much used example of the Principle of Identity of
Indiscernibles. Here the impact of quantum physics is well known: if we take quantum
objects to be individuals, then, assuming the standard formulation of quantum mechanics,
it can be argued that consideration of their aggregate behaviour, (whether as bosons or
fermions, as described by Bose–Einstein and Fermi–Dirac statistics, respectively), implies
that objects of the same kind possess all properties in common and hence that Leibniz’s
Principle is violated (French and Redhead 1988). In that case, some other grounding for
individuality must be chosen, such as haecceities again, or so it might seem (French and
Krause 2006). Alternatively, we may follow the lead of the early quantum physicists and
take this aggregate behaviour as indicating that such objects should not be regarded as
individuals in the first place, in which case the Principle is effectively obviated (and forms
of non-standard set theory may be introduced to help formally capture the sense of non-
individuality involved; again see French and Krause 2006, ch. 7). Thus, we appear to have
a case of physics having a negative impact, whereby it rules out or, perhaps we might say,
falsifies (at least in a loose sense) the relevant metaphysics.
But again, this is too quick. Such, at least, was the story until fairly recently. Drawing on
previously little considered work of Quine’s, Saunders has effectively modified PII so as to
allow certain kinds of relations to play a distinguishing role. In particular, symmetric but
irreflexive relations of the form ‘… has opposite [property] to…’ ground a kind of ‘weak’
discernibility. Saunders has then argued that two fermions can exist in certain states in
which they can be described as each entering into the symmetric and irreflexive relation of
‘… has opposite spin to…’ Thus, for fermions (such as electrons, for example) at least, a
form of ‘weak’ discernibility can be established, via this modified form of Leibniz’s
Principle, which can then be used to ground their individuality. Whether this result can be
extended to bosons remains contentious (Saunders 2003; Muller and Saunders 2008;
Hawley 2009; Huggett and Norton 2014), as is the appeal to relations holding between
objects in order to ground the individuality of those objects (since there’s the obvious
concern about possible circularity). Nevertheless, the point is that here we appear to have
an example of the ‘regeneration’ of a piece of metaphysics, in the sense that a metaphysical
device (in this case Leibniz’s principle), that was previously rejected, given the impact of
physics, is shown to be compatible once more with that physics. Of course, this has been
achieved not by undermining the previous negative impact, but by suitably adjusting or
revising the metaphysical device concerned. Indeed, it has been argued that the revision in
this case is such that we should not regard the device as a variant on Leibniz’s Principle at
all (Ladyman and Bigaj 2010) but we can perhaps be charitable and think of this shift in
terms of an analogy to Lakatos’ methodology of scientific research programmes (French
and McKenzie 2015). Of course, the analogy is not exact, not least because it is unclear
what would count as the ‘hard core’, or ‘positive heuristic’ etc. in such cases, but we can at
least conclude that the ruling out by physics of a particular piece of metaphysics may not
be definitive, since the latter may be rendered compatible once more, albeit in a new guise.
More importantly, perhaps, for current purposes at least, this regeneration was achieved
by drawing on a new (in this context) piece of metaphysics developed by Quine (1976),
namely weak discernibility. Now, of course, Quine himself espoused a form of naturalism
and, indeed, he took the impact of quantum physics seriously, arguing that the afore-
mentioned view that quantum particles are non-individuals in some sense motivates their
elimination as fundamental elements of our ontology in favour of space–time points. And
indeed, in order to articulate the differences between stronger and weaker senses of dis-
criminability, Quine uses the ordinal numbers as examples. Nevertheless, the general
context is that of formally articulating the various grades of discriminability of objects in a
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given interpreted formal language and we can take Saunders’ move as exemplifying point
(2) in our initial core claim, namely that elements of metaphysics—such as weak dis-
cernibility—which are apparently developed without close regard to any relevant science,
may in fact be deployed as tools to help articulate a particular interpretation of quantum
mechanics (namely one in which the relevant entities are individuals, subject to a form of
the Principle of Identity of Indiscernibles).
3 The Metaphysical Toolbox
Here’s another example of a metaphysical programme that appears to have gone through
similar phases of being supported by, or at least compatible with, the relevant science, then
ruled out or deemed incompatible, before later developments emerge suggesting a possible
‘regeneration’, thus again supporting (2) above: dispositionalism. Originally articulated in
the context of ‘everyday’ objects such as vases and windows, with dispositional properties
such as ‘fragility’ etc. taken to be reducible to categorical properties, it has subsequently
been extended to the latter, so that supposedly fundamental properties such as charge have
come to be understood as themselves dispositional in nature. Here’s one very well-known
expression of this view:
Physics tells us what result is apt to be produced by the having of gravitational pull or
of electromagnetic charge. It does not tell us anything else about these properties. In
the Standard Model the fundamental physical magnitudes are represented as ones
whose whole nature is exhausted by their dispositionality: that is, only their dispo-
sitionality enters into their definition. Properties of elementary particles are not given
to us in experience: they have no accessible qualitative aspect or feature. There is no
‘impression corresponding to the idea’ here. What these properties are is exhausted
by what they have a potential for doing, both when they are doing it and when they
are not (Molnar 1999, 13).
This dispositionality is typically characterised in terms of the so-called ‘Stimulus and
Manifestation’ characterisation:
8xð Px& Sxð Þ ! MxÞ
where P is the relevant property, such as charge, S the stimulus and M the manifestation.
Thus, taking charge as our example, we can imagine a situation, a possible world perhaps,
whereby we have a sole object—an elementary particle, say—that is charged (and the fact
that we can imagine such a situation in which we have such a lonely object is typically
taken as underpinning the view that charge is an intrinsic dispositional property; I’ll return
to this feature shortly) and when we bring up another charged object, the two experience a
force, attractive or repulsive, depending on the signs of the respective charges. The
bringing up of the second charge counts as the stimulus and the force experienced (or,
some would insist, the acceleration that results) is the relevant manifestation. All there is to
charge, it is claimed, is captured by this characterisation (in particular, the idea that there is
some quiddity that makes charge charge, is denied).
On this basis, or so it is claimed, one can obtain the corresponding laws (see Bird 2007;
for criticism see Vetter 2009) and their necessity is dispositionally underpinned: in any
possible world that contains objects with property P, the presence of the stimulus will yield
the relevant manifestation; hence in those worlds, the corresponding laws will hold.
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Indeed, with the decline of the Armstrong-Dretske-Tooley account of that necessity as a
manifestation of necessary relations between universals, the dispositional account has
come to be seen as the main contender for a modal account of laws, in opposition to the
Humean/Lewisian view which eschews any such necessity in the world and takes laws to
be those descriptions of regularities that happen to feature in our best theoretical systems
(however ‘best’ is determined). This role that dispositionalism has acquired is crucially
supported by claims, such as the above, that it finds support in modern physics (where
‘support’, again, has to be understood rather broadly).
However, such claims have been challenged and we can view such challenges as
examples of the negative impact of science in which the relevant metaphysics is effectively
ruled out. Thus, note that the above quote refers, as support, to the Standard Model of
current physics. This is the model that, famously, encompasses the electromagnetic, the
weak nuclear and the strong nuclear interactions and classifies all known elementary
particles. It incorporates two features relevant for our discussion here: one is the so-called
Higgs (or perhaps better, given all those involved in its postulation, the ‘ABEGHHK’tH’)
mechanism via which mass is acquired via coupling to the Higgs field. The recent dis-
covery of the Higgs boson—the quantum excitation of this field—has been taken to pro-
vide significant support (in the stricter sense) for the Standard Model. The other has to do
with certain kinds of symmetries, namely the global Poincare´ symmetry that all relativistic
quantum field theories incorporate and the local SU(3) 9 SU(2) 9 U(1) gauge symmetry
that effectively defines the Standard Model and covers the three fundamental interactions
(nuclear, weak and electromagnetic, respectively). Neither of these crucial features of the
Standard Model can be captured by dispositionalism (at least not straightforwardly).
Thus Bauer argues, first, that the grounding of mass in the Higgs field means that it
cannot be regarded as an intrinsic property (Bauer 2011). This in itself sets a challenge for
the advocates of dispositionalism who typically take the fundamental properties of physics,
such as mass, charge and spin, to be not only dispositional, but also intrinsic in the sense
that they are not grounded in any other properties. The confirmation of the existence of the
Higgs mechanism implies that mass must be regarded as extrinsically grounded—namely,
grounded in the Higgs field (Bauer 2011). Furthermore, insofar as this field extends
throughout the universe, mass must be regarded as ‘ultra-grounded’ in the sense that it is
grounded in the whole physical environment in which the relevant particle finds itself
(Bauer 2011, 97–99). At the very least this complicates the picture underlying the
‘Stimulus and Manifestation’ mechanism: in the case of mass, we cannot, strictly, imagine
a situation in which there is a lonely object possessing mass, since for there to be mass,
there must be the Higgs field. But there are, of course, avenues by which the disposi-
tionalist can respond to this concern and certainly, she may insist that even if mass must be
regarded as extrinsic (and that itself may be accommodated within dispositionalism, if we
accept a relational or ‘global’ form of this view that allows dispositional properties to be
non-monadic or non-local), charge and spin need not be (although in the case of spin, she
may not have good cause to be so sanguine, given one reading of the Spin-Statistics
Theorem; see French forthcoming).
However, a more significant concern for the dispositionalist is that of accounting for the
symmetries of the Standard Model. Their heuristic role is well documented and the likes of
Wigner have famously insisted that they should be regarded as ‘meta-laws’ that constrain
the dynamical laws that philosophers have tended to focus on. Thus, in the context of the
above considerations of particle identity and individuality, consider the symmetry under-
lying such considerations when it comes to quantum mechanics, namely Permutation
Symmetry: putting things crudely, this imposes invariance under permutations of the
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particles and the relevant constraint manifests itself in the requirement that the Hamilto-
nian must commute with the particle permutation operator. As a result, the relevant Hilbert
space is divided into non-commuting sectors, one of which corresponds to Fermi–Dirac
statistics (obeyed by electrons, for example), another to Bose–Einstein statistics (obeyed by
photons), others (if we have more than two particles in the given assembly) corresponding
to so-called ‘para-statistics’ (which quarks were at one time thought to obey).
Or consider the symmetries of the underlying space–time of the Standard Model,
namely Minkowski space–time, which are captured by the Poincare´ group, the represen-
tations of which yield a classification of all elementary particles in terms of their properties
such as mass and spin. Or, again, the ‘internal’ gauge symmetries of the Model, which
yield both the well-known property of charge, in the case of electromagnetism, as well as
the more ‘exotic’ ones such as isospin and colour in the cases of the weak and strong
nuclear forces, respectively.
The question, then, is how is the dispositionalist to accommodate these features of the
Standard Model? Certainly the standard ‘Stimulus and Manifestation’ framework, as sket-
ched above, appears unable to accommodate them and other obvious manoeuvres by the
dispositionalist also run into difficulties (see French forthcoming).1 Thus, for example, she
cannot simply insist that fundamental dispositional properties are correlated with these
symmetries2 since such correlation, alone, cannot accommodate the role of symmetries in
constraining the relevant laws. Consider: on the basis of the standard view of dispositions,
incorporating the ‘Stimulus and Manifestation’ characterisation, it can be shown that the
relevant laws ‘flow from’ or are supervenient upon certain dispositions. Now of course, one
could drop the constraining role of symmetries—which would of course require giving some
account of how they appear to play such a role inmodern physics—and demonstrate that they
too flow from or are supervenient upon the relevant dispositional properties, via the laws. But
so far as I know, noone has ever done this and in the absence of such a demonstration (and I
don’t know how one would even begin) such a suggestion must remain entirely speculative.
Furthermore, and returning to the central theme, in this case at least, we have the
advantage that the dispositionalist, through the work of Bird and others as indicated above,
presents us with a clearly articulated account of how that framework yields scientific laws.
Thus we don’t need to worry about the nature of metaphysical explanation or such matters,
in these cases, since all we need to show is that this account cannot accommodate the
above symmetries (French forthcoming).
The upshot then is that here we have further examples of the negative impact of science
upon metaphysics. Perhaps it is too strong to say that the metaphysics has been ‘falsified’
in these cases but certainly one could contend that dispositionalism, as standardly
understood (that is, in terms of the ‘Stimulus and Manifestation’ characterisation) has been
ruled out in the context of modern physics.
Now, as it turns out, that does not hand physics on a plate to the Humean, since the
latter’s view of laws also faces certain difficulties in accommodating such symmetries and
indeed the Standard Model in general (French forthcoming). Again, an immediate question
is, how are we to accommodate the constraining role of symmetries within such a view?
1 Of course, as one of the referees pointed out, one might raise an eyebrow over the assumption that the
Stimulus and Manifestation characterisation can even accommodate fundamental laws, given the claim that
the fundamental forces involved need no stimulus to be effective. However, the dispositionalist may respond
that this amounts to question begging and for myself, I’m willing to be charitable and grant their account of
laws since even if this is accepted, it is difficult to see how symmetries are then obtained.
2 I am grateful to one of the referees for suggesting this.
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One option would be to reject such a role, just as Humeans reject the supposed ‘governing’
role of laws (see, for example, Beebee 2000) and argue that the appearance of constraint is
nothing more than a manifestation of the way symmetries function heuristically in theory
discovery and pursuit. Nevertheless, the details need to be worked out. Consider, the
Humean view has two core features: a metaphysical claim to the effect that reality consists
of a ‘mosaic’ of particular events, distributed over space–time and between which there are
no modal connections, or indeed, relations of any kind except spatio-temporal ones; and an
epistemic claim to the effect that of the various regularities that we discover in this mosaic,
the ones we deem to be laws are the ones we can accommodate within our ‘best’ theo-
retical system, where ‘best’ here involves some balancing of simplicity with ‘strength’
(typically cashed out in terms of explanatory power). When it comes to the mosaic, the
Humean could suggest that symmetries feature as ‘meta-’ regularities that hold across the
regularities that are deemed to be laws. And that these will then likewise be represented
within our ‘best’ systems, just as those we deem to be laws are.
But obvious concerns arise: first, how will this notion of ‘best’ be cashed out when it
comes to symmetries? We can more or less grasp how different laws may differ in their
explanatory power, but there is still considerable work to be done in explicating how
symmetries function in explanations (see Lange 2012). More fundamentally, how could the
way in which such symmetries hold across laws, qua regularities, in the mosaic be reflected
in the relationship between their representational counterparts (that is, the law-statements
and symmetry-statements) within the ‘best’ system formalisation? This is not clear and the
worry is that the Humean may have to face a similar kind of tension that Hall identifies in
accommodating the distinction between laws and initial conditions that we find in scientific
practice in both the picture of the mosaic and the best system (Hall 2015).
An alternative option, then, would be to effectively rummage in the metaphysical
toolbox again and deploy some other device to capture the metaphysical nature of these
symmetries. One such is Vetter’s recent account which effectively replaces the standard
understanding if dispositionalism with one based on the notion of ‘potentiality’ (Vetter
2015). Here the core idea is to drop the ‘stimulus’ component from the ‘Stimulus and
Manifestation’ characterisation and capture the requisite sense of modality via the simple
prescription ‘x can M’, where M is the manifestation. Thus to say that a vase is fragile is to
be captured via the claim ‘the vase can shatter’ which expresses the fact that the vase has
the potential to shatter. Furthermore, the relevant possibility here both depends on context
and is gradable. Thus, for example, in the context delineated, in part, by my kitchen floor,
the vase has a greater potential to shatter than my dinner plate (made as it is of quite tough
pottery!). One can see the contrast with dispositionalism as follows: the dispositionalist
will accommodate this context dependence in terms of a property that comes in degrees,
some of which will be sufficient for the correct application of ‘is fragile’. On Vetter’s
account, by contrast, being fragile is a matter of having the right potentiality to a con-
textually sufficient degree (Vetter 2015, pp. 21–22).
The suggestion then is that we treat this account as a metaphysical tool and apply it, not
to objects, but to symmetry principles themselves (where this may then require us to
reinterpret the relevant sense of ‘potentiality’, of course3). Thus, if we take ‘x’, in the above
formulation of Vetter’s account, to be the given symmetry we can accommodate the
3 And one way of understanding it is in terms of the possibilities offered by the mathematics in terms of
which the symmetry is represented. There is more to say here but in those terms it doesn’t seem that there is
much difference in saying that a vase has the potential to shatter and a symmetry has the potential to yield
various properties.
222 S. French
123
relationship between that symmetry and certain fundamental properties or kinds in physics.
Consider the way that spin, for example, ‘drops out’ of the Poincare´ symmetry by virtue of
this property functioning as one of the indices of the (positive energy, unitary, irreducible)
representations of the group (the other index being mass). If we stretch the notion of
manifestation from something that is typically regarded as observable to a property such as
spin (which of course has observable consequences), we could take the symmetry as
having the potential to yield the property in the right context—that being relativistic space–
time—and spin could be regarded as the relevant manifestation in this case. Likewise, if we
took the x in the above formulation to be Permutation Symmetry, we can understand the
properties of being bosons or fermions as the Ms. Furthermore, Vetter’s distinction
between potentiality and ‘mere’ possibility in terms of the ‘‘localized counterpart of a non-
local modality’’ (Vetter 2015, 23), can then be cashed out in the latter case in terms of
Permutation Symmetry yielding a whole range of possible particle statistics (the afore-
mentioned parastatistics), only two of which (the Bose–Einstein and the Fermi–Dirac)
appear to be manifested in the actual world.
Of course there are concerns one can raise about this. First, Vetter motivates her account
by considering the way we use certain phrases in ordinary language as applied to ‘ev-
eryday’ situations. Thus her account is based on considerations far removed from those
associated with physical symmetries. But of course one could say the same about Quine’s
notion of ‘weak discernibility’ as subsequently applied to physics by Saunders. Indeed, this
exemplifies my central claim: metaphysics may still be useful to the philosopher of physics
even if it is grounded in considerations that appear to have nothing to do with modern
physics. And in Vetter’s case, by deploying her notion of ‘potentiality’ in this context, we
may ‘regenerate’ the dispositionalist programme, in the quasi-Lakatosian sense indicated
above.
Secondly, one might wonder whether a symmetry can legitimately sit in the place of the
‘x’ in Vetter’s characterisation (see French forthcoming). But first, there are other tools that
are available and secondly, if one sees these, and Vetter’s account, as modifications of
dispositionalism, then as in the case of weak discernibility and the Principle of Identity of
Indiscernibles, one can draw the analogy again with Lakatos’ Methodology of Scientific
Research Programmes: we keep the ‘hard core’ represented by, in Vetter’s account, the
potentiality for a property to manifest in certain ways, and we drop ‘auxiliary’ elements of
the ‘periphery’, such as the stimulus requirement. Of course we should not push this
analogy too far but we can appreciate, at least, how talk of dispositionalism being ‘falsi-
fied’ or irrevocably ruled out of court, is perhaps too strong.
In summary, then, what I am suggesting, following the line laid down in French and
McKenzie (2012) is that although modern physics has a major negative impact on certain
devices that feature prominently in ‘mainstream’ metaphysics, there are other devices that
the philosopher of science can utilise as tools in articulating the relevant metaphysical
nature of modern physics and, further, insofar as those latter devices or tools bear some
kind of family resemblance to the former, we can bring the above two claims together and
see this process of ruling out and further tool deployment as analogous to Lakatos’ pro-
gramme more generally.
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4 Worries
There are a number of worries that one might have about this picture. Here I shall consider
three.
First of all, one might question whether ‘mainstream’ metaphysics, however that is to be
delineated, really does ‘float free’ from science or at least, if not entirely then sufficiently
so for it to become such a target for opprobrium.
And this can be taken to crystallise in the further question, to what extent can these
metaphysical tools taken from the mainstream ‘toolbox’ actually be scientifically disin-
terested? Consider again the notion of weak discernibility, taken by Saunders from Quine’s
contributions to the toolbox: Quine himself was certainly not disinterested in science and
although the notion of weak discernibility was clearly not motivated specifically by con-
siderations of physics, quantum or classical, one could perhaps argue that the whole
framework of his discussion of discernibility and identity may have been influenced by his
reflections on science, even if only indirectly. Likewise, although Vetter’s extension of
dispositionalism does not draw on science-based considerations, but rather on those to do
with our use of language, one could also argue for an indirect connection via that use.
But if that seems too tenuous, and the worry correspondingly rather weak, one must
surely admit that even though some metaphysicians like to portray themselves as exploring
the far reaches of metaphysical ‘space’, devices such as weak discernibility and poten-
tiality seem to emerge from possible worlds very close to, if not identical to, this one! And
given not only reflections upon language use and the like but also the role of intuitions in
conceiving of such possibilities, and the way in which such intuitions may be laden with
some theory or other, even if only along the lines of ‘folk psychology’, perhaps one could
still maintain that few if any mainstream metaphysical tools are entirely scientifically
disinterested.
Indeed, suppose one were to agree with Lowe that ‘‘[m]etaphysics deals in possibilities’’
(Lowe 1998, 11) one might still insist that such possibility is grounded in conceivability
and that the latter is bounded and grounded in certain ways. Here one might ask the
question: what are the general conditions governing conceivability or imaginability, such
that conceiving or imagining a world or situation is deemed sufficient to provide evidence
for the possibility of such a situation? One obvious answer is that there are no such
conditions or constraints, so that the mere act of conceiving or imagining a situation is
sufficient for it to be deemed to be a legitimate possibility. Following this line, one would
have to conclude that conceivability is not defeasible, in the sense that there is no con-
sideration that would undermine the relevant evidential link between conceivability and
possibility (Yablo 1993; Chalmers 2002).
For many people, of course, this is too strong and the discovery that one’s conception is
inconsistent would be one such consideration, undermining the link between that con-
ception and a ‘genuine’ possibility. Now of course, that discovery may not be straight-
forward and so certain conceivable situations may come to be removed from the space of
possibility as they are further investigated via logical analysis, for example. A more
interesting and contentious example would be Hacking’s critique of Black’s ‘two-spheres’
dismissal of our old friend the Principle of Identity of Indiscernibles. In brief, the dialectic
is as follows: Leibniz’s Principle can be taken as stating that one cannot have two things
that are (absolutely) indiscernible. Black argued that the Principle cannot be necessary
since one could conceive of a world in which there are two iron globes, one mile apart, say,
that are indiscernible (Black 1952). Hence the Principle is only contingent (see, again,
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Casullo 1984; and then French and Redhead argued that as such it is false, Saunders
effectively resuscitated it and so the story continues…). Hacking insisted that ‘mere’
conceivability is not enough and for such a conception to count as a genuine possibility it
must incorporate an appropriate spatio-temporal background (in terms of which, at the very
least, one can say that the spheres are one mile apart; Hacking 1975). But once that is
admitted, the defender of the Principle can effectively neutralise Black’s argument by, for
example, choosing a relativistic space–time in terms of which the two-spheres situation can
be transformed into one-sphere and a highly curved background space–time, thereby
redescribing the apparent counter-example in a way that removes its force against the
Principle (in other words, there would be a kind of underdetermination between the ‘ap-
pearances’, in some sense, and the relevant description in terms of spheres and space–
time). There is much that one could say about this manoeuvre (for an example, see French
1995) but the point is that as far as Hacking is concerned, conceivability has to be
constrained via the incorporation of an appropriate spatio-temporal background in order for
it to be evidence for the relevant possibility.
Thus, we can conceive (ha!) of a kind of ‘conceivability spectrum’, ranging from
unconstrained conceivability, which should perhaps come with a metaphysical ‘health
warning’ as it may include Meinongian objects and inconsistencies in general, to logically
constrained conceivability, with the Principle of Non-Contradiction, of course, acting as a
significant constraint, to conceivability constrained by intuitions, with regard to which we
can draw on recent discussions of the role of such intuitions in philosophy (see, for
example, Pust 2017), to metaphysically constrained conceivability, which may come
before the previous entry depending on what the relevant metaphysical and ‘intuitive’
constraints are,4 to, finally, physically constrained conceivability (or ‘naturalistic’ con-
ceivability, perhaps), within which we might distinguish constraints based on classical
physics, quantum physics and so forth.
This then generates a corresponding spectrum of views on the defeasibility of con-
ceivability, moving from perhaps the broadest view which is that conceivability is simply
indefeasible, so that in effect, anything can happen in the space of possibility (!), to the
more restricted but still quite broad view that conceivability is not defeasible by science, or
any features of ‘the actual’, depending on how intuitions are shaped by the actual, to the
narrow view that conceivability is defeasible by science, so that only those conceptions
that are compatible with current science may be taken to underpin the relevant ‘genuine’
possibilities. Of course, on this last view, what counts as a genuine possibility is an entirely
fallible matter, shifting as science progresses, with a kind of ideal conceivability reached
via compatibility with the ultimate ‘Theory of Everything’.
An obvious worry about this last case is that it reduces the possible to the actual, since if
we have reached the ultimate ToE, there would be no further legitimate possibilities to
consider (see, for example, Bird 2014), but as we move between these views we slide from
a non-naturalistic stance to one that we might describe as ‘naturalistically tinged’ to full-
on, and perhaps unpalatable, naturalism.
In terms of this spectrum of views, we can respond to the kind of attitude evinced by
Lowe and others—to the effect that metaphysicians should not worry too much about the
4 It is worth noting, perhaps, that the relationship between intuitions and philosophical theories or gener-
alisations is typically taken to mirror that between science and metaphysics, in that if the theory or
generalisation conflicts with the intuition then this is treated as (defeasible) evidence that undermines said
theory or generalisation (Pust 2017), and, conversely if the theory/generalisation has consequences that
agree with the intuition concerned then this is taken as support for that theory/generalisation.
Toying with the Toolbox: How Metaphysics Can Still Make a… 225
123
impact of modern physics, since metaphysics has to do with the possible, rather than the
actual—by acknowledging that the kinds of metaphysical resources or tools indicated
above may be generated all along that spectrum. Thus we should perhaps index modal
claims to a particular possible world within a particular framework of possibility (or a
particular spot on the spectrum of conceivability) and so it is not enough to simply respond
to the kinds of concerns that Ladyman and Ross and others have raised by insisting that
metaphysics deals in possibilities—where one sits in the spectrum needs to be specified. As
a result, the ‘space’ of possibility becomes multi-dimensional, in a sense, and our meta-
physical ‘toolbox’ is effectively enlarged along these multiple dimensions. But of course, it
might be expected that we would rummage around in those volumes of metaphysical space
that lie closer to home, on the obvious grounds that the closer we are to ‘the actual’, the
more likely we are to find devices that will be applicable. Indeed, we might even think of
‘tagging’ the tools we find in this expanded toolbox with an explicit admission of where
they lie on the conceivability—possibility spectrum.
In effect, then, I am acknowledging that the initial characterisation of still potentially
useful metaphysics as ‘scientifically disinterested’ was rather crude. There will be degrees
of disinterestedness depending on where the metaphysics lies, as it were, along the above
spectrum. Thus we should not be surprised if we were to conclude that Quine’s ‘weak
discernibility’, for example, is not entirely scientifically disinterested. Vetter’s notion of
‘potentiality’ offers some further complexity, since although it is explicitly scientifically
disinterested in one sense, insofar as she notes that it is not compatible with classical
physics (by virtue of dropping the stimulus aspect), it is still grounded in ‘the actual’ in
another sense, given the motivation in how we express possibilities in everyday language.
Of course, one could adopt a ‘hard’ approach along eliminativist lines and maintain that
only fundamental physics constitutes ‘the actual’, so that this device of potentiality is being
drawn from a domain of possibility relative to that fundamental level. Or one could adopt
what to many will be the more reasonable approach that such metaphysical tools may be
obtained not just from such parts of ‘possibility space’ but also from areas or levels of the
actual that might be described as ‘derivative’ or ‘emergent’ or otherwise non-fundamental
as compared to that of modern physics.
The core, ‘take home’ point is: we may appropriate various metaphysical devices or
tools from a wide range of situations, some of them possible, some of them actual, albeit
non-fundamental, and put them to use in articulating a kind of ‘off-the-peg’ metaphysics of
science. The alternative is for philosophers of physics to go ‘bespoke’ and tailor their own
metaphysical suit of clothes for whatever theory they happen to be concerned with. Insofar
as the aim of the whole exercise is to provide some measure of understanding how the
world could be the way modern physics says it is, the latter option faces the obvious danger
of obscurantism and, generally, failing to meet that aim by virtue of deploying notions and
devices that we cannot readily grasp. I’ll come back to this.
However, there is a further related worry that must now be addressed: insofar as these
metaphysical tools may derive from thinking about possible worlds different from the
actual one—indeed, even far away in ‘possibility space’—or from thinking about levels or
aspects of the actual far removed from that of modern physics, their usefulness lies in their
specific re-casting in terms fit for the latter domain of this world. And that re-casting in
order for such devices to be applicable to physics may then effectively ‘gut’ the device of
much of its metaphysical content, leaving merely a kind of shell.
Take the particular device, or set of devices that fall under the term ‘dependence’: ontic
structural realists have argued that this tool can be utilised to help explicate the relationship
between physical symmetries, such as that represented by the Poincare´ group above, and
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properties of the particles, such as mass and spin; the latter are said to be dependent upon
the former (French 2014; see McKenzie 2014 for criticism). But then all the work in this
explication seems to be done by the relationship between the group structure, in terms of
which the symmetry is captured and the various representations of that group, which yield
the properties. The metaphysics seems to merely provide a name for that relationship and
little more.
One response would be to insist that that is enough, since even if metaphysical notions
can only play this kind of ‘umbrella’ role, this is still useful, not least in relating a range of
such relationships, in this case, and thereby contributing to that aim of achieving some
level of understanding (Chakravartty 2013). Thus consider again Vetter’s device: in the
language of physics we do not have adjectives such as ‘fragile’ which, Vetter argues,
express the relevant sense of potentiality at the everyday level. But we do have the
mathematics of group theory, for example, which is the language in terms of which the
relevant symmetries are expressed. And we can take this as revealing or encoding the
relevant possibilities; so, to consider Permutation Symmetry again: this expressed a whole
range of possible particle statistics going beyond that of Fermi–Dirac and Bose–Einstein to
include the kinds of parastatistics originally deployed to accommodate quarks, as well as
many others. Here one might agree that the content of the possibilities is cashed out by the
relevant physics (or rather, mathematics) but nevertheless, what the deployment of Vetter’s
potentiality allows us to do is to conceive of this content in terms of the potentiality of the
symmetry—as a real feature of the world—and to relate that content to other forms of
potentiality, including those exhibited by fragile vases at the level of ‘the everyday’. Via
that last connection, in particular, we may claim to achieve a measure of understanding.
Finally, there is the worry that if any metaphysics does prove useful as a ‘tool’,
philosophers of science then do not have any grounds for castigating, admonishing or
otherwise wagging their fingers at metaphysicians who appeal to intuitions or classical or
even Aristotelian physics or who ignore or pay little attention to science in general. After
all, if ‘scientifically disinterested’ metaphysics can still be used, why should metaphysi-
cians be at all bothered by their failure to engage with modern physics?! This has been
claimed to lead to a form of tension between our initial two claims, as given above (see
French and McKenzie 2015). But of course, the point is that metaphysicians were only
castigated by the likes of Callender and Ladyman and Ross in the first place because of
their claims regarding the implications of their metaphysics for this, the actual world. As
long as they refrain from such claims and fully embrace the Lowe line that they are
effectively exploring the vast space of possibility, then the tension dissipates.
In effect the role of metaphysics as a tool is doubly conditional (French and McKenzie
2015): it is conditional upon philosophers of physics and naturalistic metaphysicians
continuing to take metaphysics down ‘off the shelf’ and applying it to modern science,
instead of making new metaphysical devices to order by themselves; and it is conditional
upon those tools and devices actually turning out to be relevant and useful to the inter-
pretation of science as it evolves. This in turn will be dependent on developments in both
science and the philosophy of science.
But let us look at those two conditionals a little more closely. What would be involved
in constructing such ‘new’ metaphysical devices? There is an obvious and immediate issue
of language—I can introduce whatever new terms I like but if they’re not relatable to
familiar ones, I’m likely to receive a stare of incomprehension if not incredulity! And if
they are so relatable, then any comprehension that follows will of course derive from that
attached to whatever current metaphysical device the familiar term designates. Indeed, this
is what has happened in the past, even when metaphysics has been explicitly eschewed:
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take Eddington, for example, who famously urged philosophers to stay out of quantum
mechanics while it was ‘under construction’ but then when it came to describing the kind
of structural quality that the newly introduced property of spin had, fell back on phrases
such as ‘patterns of interweaving’ (Eddington 1941; cf. Ladyman and Ross 2007). The aim,
of course, is to convey some understanding of what the world is like according to modern
physics, but, again, for that conveyance to work, it needs to proceed from some already
graspable concept that will already be loaded with prior metaphysics (and again we might
recall Saatsi’s point that when it comes to explanation, our metaphysical devices must be
constrained by the requirement of meshing with our understanding of how our capacities
and ways of reasoning are the results of cultural and natural evolution).
Now it may be that any such attempt simply fails, as physics advances. So, for example,
we can imagine quantum gravity developing in such a way that we end up concluding that
it has outstripped our ability to describe the various relations involved or more generally
accommodate it using any currently available metaphysical tools, even if scavenged from
far off shores of possibility. In that case we may have no choice but to try and come up
with our own custom-made devices but given the failures of such attempts in the past—see
for example, Eddington (1946) (given that this work remains incomprehensible to most
commentators, this is a cautionary tale if ever there was one!)—the prospects do not look
good. One will either end up simply reciting the relevant physics, in the absence of any
such devices, or effectively having to introduce an entirely new language to match one’s
new metaphysics. Perhaps one or other of those options is inevitable but let us first at least
try exploring what the metaphysics we have to hand has to offer.
And, of course, even with metaphysics understood as a tool in this manner, meta-
physicians may not be completely absolved of responsibility to engage with science. After
all, we recall that the slogan ‘Metaphysics is the science of the possible’ puts modality at
heart of metaphysics, but as already noted, theories of modality may be effectively ruled
out by the physics of the day. Of course, this is mitigated somewhat by the analogy with
Lakatosian research programmes mentioned previously: if the dispositionalist programme
can be seen as ‘progressive’ by virtue of Vetter’s advance then of course it can’t be
dismissed as ‘falsified’ by science. But still, in acknowledging this, one has to accept the
impact of physics.
5 Conclusion
What I hope to have indicated here is that the relationship between metaphysics and
science is more complex and more nuanced than has sometimes been presented. Even if we
can make a clear distinction between ‘mainstream’ or non-naturalistic metaphysics and that
which has engaged with science more explicitly, and can come up with examples where
principles and positions presented by the former have apparently been undermined by
advances in the latter, these principles and positions may gain new ‘life’ through further
developments, suggesting that the appropriate ‘unit of interest’ in such cases should be
metaphysical programmes, however delineated. Furthermore, it has been argued that even
in those cases where such positions and principles might be regarded as ‘scientifically
disinterested’, they can still function as tools or devices to be appropriated by the natu-
ralistically inclined philosopher. Such tools may of course be acquired in various ways
from all sorts of regions of the ‘space’ of possibilities or even non-scientific levels of the
actual. And in applying them to the theories and models of modern physics, the relevant
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content of these devices must be articulated in terms of that physics—else how could the
tools work in the first place?—but that does not reduce such devices to re-descriptions of
the physics. Even if only thus attenuated, metaphysics serves a purpose in helping us grasp
how the world could be the way physics says it is.
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